While implementation of carbon dioxide (CO 2 ) mitigation policies may promote an increased forest-based carbon sequestration, this will likely change future timber-harvest levels and impact financially the entire forest sector. This study projected carbon accumulation in Mississippi's forests, timber stumpage prices, and timber and carbon revenues during 2006 -2051 for a business-as-usual (BAU) and four alternative timber-harvest scenarios representing varying harvest levels possibly induced by a CO 2 mitigating policy. Results indicated a potential to increase forest carbon accumulation by up to 197 teragrams (Tg) by 2051 (34% more than in the BAU scenario). The alternative harvest scenarios resulted in real timber stumpage price increases in the short term (1-35 years), whereas in the long-term (36 -45 years), timber prices decreased. In the alternative harvest scenarios, the present value of harvested timber and carbon revenues ranged from US$6.47 billion to US$8.18 billion at a carbon price of US$2.07 per ton (t) of CO 2 equivalent (CO 2 e) and from US$7.35 billion to US$11.08 billion at US$15.00/tCO 2 e, which was higher than in the BAU harvest scenario (US$4.96 billion). The analysis suggested that forest landowners will benefit from CO 2 mitigating policies that pay for sequestering carbon because of carbon revenues and potentially higher timber revenues due to increased stumpage prices.
T he forest sector's role in mitigating the atmospheric concentration of carbon dioxide (CO 2 ) is widely recognized because of its capacity to sequester CO 2 in standing trees and wood products (Woodbury et al. 2007 , Smith and Heath 2004 , Birdsey and Heath 1995 , Plantinga and Birdsey 1993 and relatively better cost-effectiveness when compared to alternative mitigation strategies such as direct emission reductions (Sohngen and Brown 2008 , Richards 2004 , Adams et al. 1999 , Hoen and Solberg 1994 . The CO 2 mitigating capacity of the forest sector can further increase due to implementation of policies and programs promoting CO 2 sequestration by influencing future timber-harvest levels.
Numerous initiatives at national, regional, and local levels have been undertaken to mitigate greenhouse gases in the United States. While the goal of such policies, in the context of forestry, is to mitigate CO 2 emissions through increased carbon sequestration, they will also have a substantial economic impact on the entire forest sector, including forest landowners, logging operators, and mills as well as consumers of wood products (Wong and Alavalapati 2002) . At the landowner level, monetary incentives will most likely lead to longer rotations (Gutrich and Howarth 2007 , Stainback and Alavalapati 2002 , van Kootenn et al. 1995 , Plantinga and Birdsey 1994 , intensified forest management (for example, fertilizer application) (Stainback and Alavalapati 2005) , reduced timber-harvest levels (Ryan et al. 2010 , Haynes et al. 1994 , and intensified afforestation activities (Alig et al. 2010 , Adams et al. 1999 , Haynes et al. 1994 . At the forest-sector level, such programs will have an impact on timber and wood products supply, wood products prices, and forest sector employment and profitability (Wong and Alavalapati 2002) .
One of the most likely consequences of future policies and programs dedicated to CO 2 mitigation is a temporary reduction in future timber harvests (Alig et al. 2010 , Ryan et al. 2010 , which would affect future timber supply and timber stumpage prices. In theory, carbon policies would stimulate an increased demand for carbon offsets leading to higher carbon prices and, therefore, encourage forest landowners to enter into forest carbon offset contracts. As a result, qualifying forest tracts might be withdrawn from harvest during the contract leading to decreased timber supply in the short term. Timber markets will respond to such a situation with increased timber stumpage prices Mendelsohn 2003, Stainback and . However, in the long term, timber harvests might increase as carbon contracts are completed allowing landowners to harvest their forests. Consequently, timber stumpage prices would then decrease assuming that other factors related to timber supply remain unchanged.
Potential impacts of implementing carbon policies and programs on timber supply and timber stumpage prices were demonstrated by several studies. analyzed the effect of carbon policy on carbon accumulation and timber supply at the global level using the Dynamic Timber Supply Model. They showed that carbon policy would induce owners of hardwood forests in the southern United States to withhold their forests from harvest in the short term, which would result in increased timber prices. However, they also showed that additional land supply, longer rotations, and improved forest management would increase timber supply in the long term, causing timber prices eventually to fall. In another study, Sohngen and Mendelsohn (2003) indicated that implementation of the least cost strategy (minimizing the present value of the total costs of greenhouse gas damage and its abatement) to control greenhouse gases would result in global carbon sequestration of 102 billion metric tons. During the same time, global timber supply would increase by up to 785 million cubic meters (m 3 ) resulting in lower global timber prices in the long term. Other studies indicated that payments for carbon sequestered by forests will lead to longer forest rotations (Nepal et al. 2009 , Gutrich and Howarth 2007 , Stainback and Alavalapati 2002 , van Kooten et al. 1995 and reduced timber supply in the short term , Sohngen and Mendelsohn 2003 , Stainback and Alavalapati 2002 .
Several studies have indicated that current US carbon prices do not pay enough to make forest-based carbon sequestration financially viable (Nepal et al. 2012 , Malmsheimer et al. 2008 . Consequently, under current carbon market conditions, landowners are more likely to retain their right to sell timber rather than enroll their forest stands into carbon contracts. However, if the United States implements a mandatory carbon policy, it is expected that demand for carbon will increase leading to higher carbon prices (Green Assets 2012, US EPA 2009) and improved financial viability of forestry-based carbon sequestration strategies (Malmsheimer et al. 2008) .
This study investigated how future carbon accumulation in Mississippi's forests and harvested wood products will be impacted by changes in future harvest levels during 2006 -2051. In addition, the study examined the impact of such changes in harvest levels on timber stumpage prices and quantified the resulting changes in timber and carbon revenues in Mississippi. Mississippi was selected as the study area because it is considered to have a great potential to increase carbon sequestration both in standing trees and harvested wood products due to its large area under timberland (8 million ha) and a large quantity of annual timber harvest (30 million m 3 ) (USDA Forest Service 2010). Other neighboring states in the southern United States, including Alabama, Arkansas, and Louisiana, share similar forest sector characteristics such as timberland area and ownership, timber inventory, harvest levels, and timber products output (Smith et al. 2009 ). Therefore, we expect that our analysis of statewide impacts of harvest-level changes in Mississippi can provide useful benchmark information, not only for Mississippi, but also for these neighboring states as well as other states in the southern United States.
Methods and Materials

The Model
The Subregional Timber Supply (SRTS) model (Abt et al. 2009 ) was used to examine a business-as-usual (BAU) and four alternative timber-harvest scenarios in terms of carbon accumulation, timber stumpage prices, and timber and carbon revenues in Mississippi during 2006 -2051. The year 2006 was selected as a starting point for the analysis because it was the most recent year for which forest inventory data were available for Mississippi, whereas the year 2051 represents the end of harvest projection available for the BAU scenario. The SRTS is a partial market equilibrium model that combines economic and forest inventory information to determine impacts of changes in timber demand and supply on timber inventory and timber stumpage markets (Abt et al. 2009 ). The original version of the model was designed to simulate market for only one single product of two species groups and estimating the total timber volume for softwoods and hardwoods. The model has been updated and can be used to project timber supply for multiple products and subregions (Abt et al. 2009 ). The earlier versions of this timber market model were used to project timber supply in the US South and Northeast (e.g., Bingham et al. 2003 , Sendak et al. 2003 , Prestemon and Abt 2002 , Abt et al. 2000 , Pacheco et al. 1997 , Abt et al. 1993 . The model has also been used to project impacts of climate change on timber supply in the US South (Abt and Murray 2001) and analyze impacts of nonmarket forest values on timber supply decisions of nonindustrial private forestland (NIPF) landowners (Pattanayak et al. 2002) .
Modeling Timber Demand and Supply
Demand for timber was modeled as a function of stumpage price and a demand shifter, whereas supply of timber was modeled as a function of stumpage price, forest inventory, and a supply shifter using the SRTS market module. The statewide equilibrium harvest in year t was determined by interaction of the following timber demand and supply functions (Abt et al. 2000) :
where Q t D and Q t S represent current timber demand and supply, respectively. P t is timber stumpage price, Z t represents a demand shifter, I t indicates initial timber inventory, and V t stands for a supply shifter. The model also used a constant elasticity functional form indicating that the specified elasticity is constant across all price-quantity combinations (Abt et al. 2009) . A demand function of the form Q ϭ aP b , where a and b are parameters and P is price, has a constant price elasticity of demand, and this elasticity is given by the parameter b (Snyder and Nicholson 2008) .
Estimating Timber Inventory Changes
The inventory changes over time were estimated using the SRTS inventory module by adding net timber growth and subtracting timber harvest from the previous year inventory (Abt et al. 2009 , Abt et al. 2000 . The timber inventory was estimated as
where I t represents timber inventory in the current year t and I tϪ1 represents timber inventory in the previous year, whereas G t and H t represent timber growth and harvest during the current year, respectively. The market equilibrium for timber stumpage prices and harvest levels was determined by subregion, product, and ownership categories based on specified price elasticities of demand (Ϫ0.50) and supply (0.50), inventory elasticity of supply (1.00), and inventory shifts estimated by the model. Similar elasticities were assumed by Abt et al. (2009) when projecting timber supply for multiple wood products in the southern United States. Although demand, supply, and inventory elasticities can vary by product and owner categories, these elasticity specifications are consistent with previous studies suggesting that changes in demand and supply with respect to price are inelastic (Adams and Haynes 1996 , Newman 1987 , Daniels and Hyde 1986 , whereas change in supply with respect to inventory elasticity is unitary elastic (Daniels and Hyde 1986) . For example, Adams and Haynes (1996) estimated softwood price elasticity of supply at 0.32 and 0.29 and hardwood price elasticity of supply at 0.41 and 0.48 for the southcentral US industrial and NIPF landowners, respectively. Similarly, Newman (1987) determined that price elasticity of demand for pulpwood and solidwood products in the southern US softwood stumpage market was Ϫ0.43 and Ϫ0.57, respectively.
This study assumed that changes in future harvest levels will be induced by implementation of a hypothetical CO 2 mitigating policy and, thus, exogenous to the model. Consequently, the market equilibrium model was solved for the supply shifts that were necessary to achieve predetermined exogenous harvest levels each year. Timber supply curves were shifted just enough to attain specified harvest reductions and/or increases each year as specified in four alternative harvest scenarios that were assumed to result from the implementation of a hypothetical CO 2 mitigating policy. While it was possible to evaluate varying demand in the context of alternative harvest scenarios, this analysis examined only the effects of supply shifts resulting from implementation of a CO 2 mitigating policy as assumed in alternative harvest scenarios. Demand for wood products might not necessarily shift due to future CO 2 mitigating policy but rather be affected by factors such as price of substitutes, consumer income, population growth, consumer tastes and preferences, and expectations about future product prices (Klemperer 2003) , which were assumed to be the same in both the BAU and the alternative harvest scenarios. Therefore, the analysis did not involve shifts in demand. Table 1 summarizes variables used in the study and presents model assumptions.
Data
The major inputs used in the model included timber inventory volume, annual timber growth volume, annual timber removals volume, and timberland acreage data for Mississippi arranged by Forest Inventory and Analysis (FIA) survey units, ownership, management types, species groups, and 5-year age classes collected annually (USDA Forest Service 2010). The data sets and description of data collection procedures are available on the FIA website (USDA Forest Service 2012). FIA data are inherently associated with sampling error and the magnitude of this error for Mississippi 2006 data ranged from 0.60% for timberland area data to 8.80% for annual growing stock harvest data (Miles 2012) , indicating that carbon estimates and associated projections derived in this study are also associated with error. The FIA estimates of the timber growth per acre were based on few plots that were highly variable for small regions (Abt et al. 2009 , Abt et al. 2000 . To minimize these variations, the model used a regression equation representing growth as a function of owner category, age, and their interaction estimated separately by species group (softwood and hardwood), physiographic region (delta, coastal plain, Piedmont, and mountain), and management type (plantation, natural pine, mixed pine, upland hardwood, and lowland hardwood) (Abt et al. 2009 , Abt et al. 2000 .
This study analyzed only private owner data because the majority of Mississippi's forests (82%) are privately owned (Smith et al. 2009 ). Within the private ownership, two subcategories were distinguished: corporate and noncorporate private ownership. The corporate ownership included forest industry, timber investment and management organizations (TIMOs), and real estate investment trusts (REITs). The noncorporate ownership category included private ownership other than forest industry, TIMOs and REITs, such as NIPF landowners. 
Timber-Harvest Scenarios
The BAU and four alternative timber-harvest scenarios were developed to examine potential impacts of various harvest levels on quantity of carbon accumulated in forests and harvested wood products in Mississippi, timber stumpage prices, timber revenues, and carbon revenues. The BAU scenario assumed harvest levels projected by 2005 Resources Planning Act (RPA) Assessment of the USDA Forest Service, which were based on projected trends in overall US economic conditions such as expected labor force and productivity growth, gross domestic product (GDP), interest rates, and other assumptions related to timber demand and supply (Haynes et al. 2007 ). According to the 2005 RPA projection, softwood and hardwood harvests in the southern United States will increase during 2010 -2050, on average, by 1.25% and 0.44% per year, respectively. The BAU harvest scenario developed in this study assumed similar harvest changes.
The four alternative scenarios represented mixed-harvest levels, including timber-harvest reduction in the short term (1-35 years) and timber-harvest increase in the long-term (36 -45 years) and reflected a hypothetical impact of a CO 2 mitigating policy on harvest levels in Mississippi. It was assumed that in the short term, carbon policy would restrict harvest resulting in more carbon being sequestered in forests. However, in the long term, timber harvests were assumed to increase leading to a greater proportion of carbon being transferred to harvested wood products. The two analysis periods (1-35 years and 36 -45 years) were arbitrarily selected to simulate two distinct effects of changes in harvest levels (harvest reduction and increase) on carbon accumulation and stumpage prices. The 35-year period corresponds to the rotation age commonly applied to pine plantations in Mississippi. The four alternative scenarios were selected for sensitivity analysis and featured annual changes in future harvest levels relative to 2006: (a) a decreased harvest at 1% per year for 1-35 years and an increased harvest at 1% per year for 36 -45 years (harvest Ϫ1 ϩ 1 scenario); (b) a decreased harvest at 1% per year for 1-35 years and an increased harvest at 2.5% per year for 36 -45 years (harvest Ϫ1 ϩ 2.5 scenario); (c) a decreased harvest at 2.5% per year for 1-35 years and an increased harvest at 1% for 36 -45 years (harvest Ϫ2.5 ϩ 1 scenario); and (d) a decreased harvest at 2.5% for 1-35 years and an increased harvest at 2.5% per year for 36 -45 years (harvest Ϫ2.5 ϩ 2.5 scenario).
The alternative harvest scenarios were developed based on previous research findings indicating that implementation of a CO 2 mitigating policy in the form of carbon payments may encourage forest landowners to lengthen rotation ages if carbon prices were sufficient to economically sustain such rotation increases (Nepal et al. 2012 , Gutrich and Howarth 2007 , van Kooten et al. 1995 . The temporary near-term impact of such policy would be reduced timber supply , Sohngen and Mendelsohn 2003 , Stainback and Alavalapati 2002 . However, in the long term, timber supply would increase due to several factors. For example, reduced timber harvests may encourage establishments of new plantations in response to increased timber prices leading to additional timber supply from new plantations (Sohngen et al. 2008, Sedjo and Sohngen 2000) . Similarly, forest landowners might harvest forest stands enrolled in carbon contracts after these contracts expire. Further, it has been documented that carbon payments can lead to improved forest management activities (Stainback and Alavalapati 2005) and, therefore, contribute to additional timber supply in the long run (Haynes et al. 2007 , Sedjo and Sohngen 2000 , Adams et al. 1993 . Finally, timber supply may increase in the long run due to the fact that financially mature forest stands accumulate carbon at a decreasing rate, which might induce forest landowners to harvest their timber to take advantage of relatively higher timber prices resulting from implementation of a CO 2 mitigating policy ). While it is well established that implementation of a CO 2 mitigating policy would most likely induce some changes in timber-harvest levels, the exact trajectory and extent of harvest changes is uncertain. Therefore, varying levels of harvest reductions and increases were selected to provide a sensitivity analysis.
Several recent studies that evaluated the aggregate hypothetical impacts of forest carbon offset programs on the US forest sector suggested a modest effect on regional and national timber harvests. For example, Adams et al. (2011) simulated the regional impacts of a program for private forest carbon offset sales in the United States during 2010 -2060 and their results suggested that the largest harvest reduction would occur in the short term (generally up to 35 years for softwoods and up to 30 years for hardwoods) and then harvest would converge toward BAU harvest level due to carbon stock accumulating at a decreasing rate and, consequently, smaller carbon offset sales. They also reported that, on average, a carbon price of $15/tCO 2 e would reduce US timber harvests by 6% per year during 2010 -2060. Similarly, Latta et al. (2011) , who simulated the effects of voluntary and mandatory participation of private forest landowners in hypothetical forest carbon offset markets in the United States, also reported a modest overall impact on US national timber harvests during 2010 -2060. They indicated that a larger timber-harvest reduction would occur in a case of the mandatory program; however, they did not report the magnitude of harvest reduction. They also showed that total harvest and product prices under both voluntary and mandatory systems would gradually converge to BAU levels in the long term.
Thus, the alternative harvest scenarios developed in this study representing a 1 to 2.5% reduction in harvest in the short term (1-35 years) and a 1 to 2.5% increase in harvest in the long term (36 -45 years) illustrate modest harvest effects of hypothetical CO 2 mitigating policy in Mississippi. The selected timber-harvest scenarios are consistent with possible US regional and national harvest effects of hypothetical carbon offset programs projected in previous studies that suggested harvest reduction in the short term and convergence toward BAU level in the long term.
It is important to mention that the alternative harvest scenarios developed in this study did not represent any specific carbon contract length, although forestry carbon offset protocols in the United States vary greatly in terms of carbon contract length, with some programs requiring a relatively short commitment period of 15 years and others requiring commitment of up to 100 years (CAR 2010 , CCX 2009 , RGGI 2008 . In our modeling framework, the statewide changes in harvest levels over a 45-year projection period were assumed to result from a combined effect of aggregate carbon payments due to implementation of a CO 2 mitigating policy and not necessarily from any one particular carbon contract length.
Carbon Estimates
Forest carbon estimates were obtained using the SRTS, which used combinations of ecosystem-level equations developed by US Forest Service and other published sources (Foley 2009 , Smith et al. 2006 , Smith and Heath 2002 . Quantity of carbon sequestered in five pools (live trees, standing deadwood, understory, down deadwood, and forest floor) were estimated separately using sets of equations presented by Foley (2009) . However, only the total amount of accumulated carbon (sum of five carbon pools) is presented in this study.
Estimates of carbon accumulated in harvested wood products were derived using equations and factors presented by Smith et al. (2006) . Carbon accumulated in harvested wood products was estimated at the end of 100 years from the time of harvest based on proportion of harvested timber allocated to different primary wood products (e.g., paper and lumber) and end uses (e.g., newspaper, residential construction) using first-order decay functions and the half-lives of end products (Smith et al. 2006 ).
Impact of CO 2 Mitigating Harvest Changes on Timber Stumpage Prices and Timber and Carbon Revenues
Changes in aggregate timber and carbon revenues in Mississippi for each alternative harvest scenario were estimated based on the projected future timber stumpage prices and four preselected carbon price levels including US$2.07/tCO 2 e (2003-2010 average CCX carbon price in the United States (CCX 2011)), US$5.00/tCO 2 e, US$10.00/tCO 2 e, and US$15.00/tCO 2 e. These carbon price levels were selected based on previous studies (Nepal et al. 2012 , Huang and Kronrad 2006 . The total timber revenues were calculated based on projected Mississippi pulpwood and sawtimber harvest volumes and corresponding market equilibrium stumpage prices projected for the BAU and alternative harvest scenarios by the SRTS model. Similarly, the total carbon revenues were calculated based on the amount of additional carbon accumulated in each alternative harvest scenario (relative to the BAU harvest scenario) and four preselected carbon prices. Carbon revenues for the BAU harvest scenario was assumed zero because it did not satisfy additionality criterion, which requires that carbon offset credit payments are allowed only for projects that are "additional" to the BAU case. The total revenues were discounted to 2006 using a 5% real discount rate. Figure 1A presents quantities of carbon accumulated in Mississippi's forests by two private ownership categories (corporate and noncorporate) in each harvest scenario. In 2006, 506.30 teragram (Tg) of carbon were sequestered in Mississippi forests, of which about 73% (371.73 Tg) was sequestered in noncorporate private forests and 23% (134.58 Tg) in corporate private forests. The analyzed harvest scenarios had a substantial effect on the total amount of carbon accumulated during 2006 -2051. In 2051, the amount of carbon accumulated in all private forests in Mississippi ranged from 571.10 Tg in the BAU harvest scenario (412.69 Tg in noncorporate private forests and 158.41 Tg in corporate private forests) to 767.91 Tg in the mixed-level Ϫ2.5 ϩ 1 harvest scenario (586.43 in noncorporate private forests and 181.49 Tg in corporate private forests), representing a 34% increase in total accumulated carbon relative to the BAU harvest scenario. Figure 1B presents quantities of carbon accumulated in wood products 100 years from harvest for the five harvest scenarios analyzed in the study. In 2006, total harvests from both corporate and noncorporate ownership categories accounted for 1.68 Tg of carbon that would be accumulated in wood products 100 years from harvest (2106). The majority of this carbon came from harvests in noncorporate forests (67%). The alternative harvest scenarios had a negative impact on carbon accumulation in harvested wood products because of lower harvests compared to BAU harvest scenario. Carbon stored in harvested wood products 100 years from harvest decreased in alternative harvest scenarios by up to 43% by 2141 (for timber products harvested up to 2041), and by up to 39% by 2151 (for timber products harvested up to 2051) relative to the BAU harvest scenario, which sequestered 72.76 and 96.19 Tg of carbon, respectively.
Results
Carbon Accumulation in Forests and Harvested Wood Products
Impacts of Alternative Harvest Scenarios on Timber Stumpage Prices
The alternative harvest scenarios showed substantial impacts on timber stumpage prices ( Table 2 ). The stumpage prices rose in all alternative harvest scenarios during first 35 years (2006 -2041) where harvest reduction occurred. The magnitude of such increase in stumpage prices was up to 1.93% per year for all timber products in scenarios, which reduced harvest by 1% per year during 2006 -2041 and 5.03% per year for scenarios that reduced harvest by 2.5% per year during the same time period. For the BAU harvest scenario, the opposite trend was true. This scenario experienced a reduction in stumpage prices of up to 2.12% per year for all timber products over the entire projection period (2006 -2051) .
During the last 10 years of the projection period (2041-2051), there was a sharp decline in projected stumpage prices for all timber products in the alternative harvest scenarios. The magnitude of such reductions was up to 11.84 and 20.63% per year for scenarios that increased harvest by 1 and 2.5%, respectively. Table 3 presents projected timber and forest carbon revenues for Mississippi discounted at a 5% real discount rate to 2006 for each harvest scenario. The present value of timber revenues ranged from US$4.96 billion in the BAU harvest scenario to US$7.76 billion in the alternative mixed-level Ϫ2.5 ϩ 1 harvest scenario.
Impact of Alternative Harvest Scenarios on Timber and Carbon Revenues
The discounted present value of total cumulative carbon revenues for the alternative mixed-level harvest scenarios, calculated at carbon price of US$2.07/t CO 2 e, ranged from US$0.14 billion (mixed-level Ϫ1 ϩ 1 harvest scenario) to US$0.46 billion (mixedlevel Ϫ2.5 ϩ 1 and Ϫ2.5 ϩ 2.5 harvest scenarios). At higher carbon prices (US$5.00/tCO 2 e, $10.00/tCO 2 e, and $15.00/tCO 2 e), the value of carbon revenues further increased. For example, at carbon price of US$15.00/tCO 2 e, carbon revenues ranged from US$1.02 billion for the mixed-level Ϫ1 ϩ 1 harvest scenario to US$3.33 billion for the mixed-level Ϫ2.5 ϩ 2.5 harvest scenario.
Discussion and Conclusions
This study examined the impact on carbon accumulation, timber stumpage prices, and timber and carbon revenues for various future timber-harvest scenarios in Mississippi, including the BAU and four alternative mixed-level harvest scenarios that were hypothetically related to future CO 2 mitigating efforts of forest landowners. The results suggested important economic implications of implementing such collective efforts. At a relatively low carbon price of $2.07/tCO 2 e, the timber revenue gains to forest landowners associated with reduction in harvest levels were substantial (up to US$2.80 billion) and exceeded by a wide margin the economic benefit of carbon offsets (up to US$0.46 billion). However, higher carbon prices improved financial viability of managing forests for carbon sequestration as carbon revenue gains exceeded the timber revenue gains. For example, at a carbon price of $15.00/tCO 2 e, alternative harvest scenarios generated carbon revenue of up to US$3.33 billion. Thus, our results suggested that a CO 2 mitigating change in timber harvest would increase forest landowner revenues by raising the price of timber through near-term reductions of timber harvests as well as through carbon payments. These findings tend to indicate that the policy designed to mitigate CO 2 emissions can potentially be beneficial to forest landowners even if it is not associated with carbon payments to forest landowners. However, monetary incentives for sequestering more carbon can help convince those forest landowners who are concerned with forest management restrictions and potentially lower timber revenues.
Our analysis showed greater carbon accumulation in forests (up to 34% more) but lower carbon accumulation in harvested wood products (up to 43% less) in alternative harvest scenarios relative to for wood products during the short term (1-35 years), long term  (36 -45 years), and overall analysis period (1-45 years) the BAU scenario. This took place because the alternative harvest scenarios retained larger inventory of standing tress due to smaller timber removals during 2006 -2041 when compared to BAU harvest scenario. Thus, the results indicated that, while the absence of a CO 2 mitigating policy will result in relatively smaller carbon accumulation in forests, the amount of carbon stored in harvested wood products will increase. These results suggest important implications related to CO 2 mitigating potential of Mississippi's forest sector. Most likely, increase in quantity of carbon stored in the harvested wood products and landfills will not be sufficient to offset the loss of forest carbon due to increased harvest (Nepal et al. 2012 , Ryan et al. 2010 . However, the mitigation benefit of carbon accumulated in wood products can be much greater if these products are substituted for steel or concrete (a topic not analyzed in this study) because such substitution reduces CO 2 emissions from manufacturing steel or concrete by twofold or more (Ryan et al. 2010 ). Therefore, a future CO 2 mitigating policy should aim at achieving a balanced harvest level allowing for increased mitigating benefits of carbon accumulated both in forests and harvested wood products. Our analysis indicated substantial impacts of alternative harvest scenarios on timber stumpage prices in Mississippi (stumpage prices increased up to 5% per year during 2006 -2041 and decreased up to 20% per year during 2041-2051) . Such a large increase in stumpage prices in the short term occurred because demand for pulpwood and sawtimber remained unchanged while supply of these two timber products was greatly reduced. However, in the long term, demand for pulpwood and sawtimber remained unchanged while timber harvest increased substantially leading to lower timber stumpage prices. Changes in stumpage prices will have important implications to financial viability of business operations conducted by forest landowners, logging operators, and mill owners. A continuous increase in stumpage prices will lead to better financial returns from timber production (Haynes et al. 2007 ) and, therefore, might provide a sufficient incentive for more investments in forest plantations and intensive forest management (Haynes et al. 2007 , Sedjo and Sohngen 2000 , Adams et al. 1993 leading to faster tree growth and increased carbon sequestration rates. However, intensive forest management requiring large energy, water, and fertilizer inputs would increase CO 2 emissions and, therefore, would reduce the overall impact of forest-based carbon sequestration (Ryan et al. 2010) . Rising stumpage prices would also lead to the increased forestland value (Haynes et al. 2007 ). This would make forest use financially more attractive relative to alternative uses such as agriculture and increase carbon sequestration in forests and wood products if more agricultural land was converted to forests. Another implication of increased stumpage prices is product substitution. Consumers of forest products such as home builders can start using more nonwood products if wood-based products become relatively more expensive (Haynes et al. 2007) , which would increase the amount CO 2 emitted during production of nonwood products. In addition, the higher timber stumpage prices would be passed on to consumers through increases in wood product prices.
Implementation of a CO 2 mitigating policy can have a substantial impact on both timber and carbon revenues with timber revenues increasing up to US$2.80 billion and carbon revenues reaching US$0.46 billion at a carbon price of $2.07/tCO 2 e and US$3.33 billion at a carbon price of $15.00/tCO 2 e. This suggested that forest landowners can increase their total revenues from forest management not only by adding additional income from carbon sequestration but also increase timber revenues due to higher projected timber prices. The relatively lower timber revenues in the BAU harvest scenario resulted from a continuous decrease of timber stumpage prices. Implementation of the alternative mixed-level harvest scenarios resulted in higher timber revenues due to reductions in timber supply that caused stumpage prices to increase during the first 35 years. However, the exact impact of harvest reductions in Mississippi on timber stumpages prices and generated revenues is difficult to determine because of potential supply leakage from neighboring states. If a CO 2 mitigating policy is not uniformly implemented across the United States, decreases in timber supply in Mississippi resulting from implementation of such a policy only in Mississippi might be offset by timber supply leakage from surrounding states. Thus, if timber supply leakage occurs, stumpage price increases in Mississippi will be lower than calculated in this study. Finally, we acknowledge some limitations of this study, which should be kept in mind when interpreting the study results. First, future harvest levels are associated with uncertainty because they are determined by the future market outlook, government policies and programs, future timber stumpage and carbon prices, and other factors affecting timber supply such as natural growing conditions, technology improvements, and catastrophic events such as wildfires, insects, and hurricanes. Second, FIA data are associated with sampling error indicating that carbon estimates derived in this study are also associated with error. Third, although the estimates for price elasticity of timber demand, price elasticity of timber supply, and inventory elasticity of timber supply used in this study are consistent with literature, they might not accurately represent elasticities for Mississippi. Future research should examine an impact of a greater range of possible elasticities on carbon accumulation, timber prices, and timber and carbon revenues. Finally, the study calculated carbon revenue gains at various carbon price levels and predetermined harvest levels. Further research is needed to examine how various carbon prices might affect future harvest levels as well as corresponding timber and carbon revenues. However, despite these limitations, the study generated estimates of accumulated carbon, stumpage prices, and timber and carbon revenues that can serve as benchmarks in determining potential tradeoffs associated with implementation of CO 2 mitigating policies and, therefore, provide some directional guidance for policymakers and other stakeholders involved in designing and implementing such policies.
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